the fat content of the carcass decreased. However, Sibbald, Bowland, Robblee & Berg ( 1 9 5 7~) did not observe any major changes in the carcass composition relative to changes in the ratio of calories to protein in the diet. I n view of the fact that the calorie : protein ratio profoundly influences growth and N retention, certain adjustments may be expected to occur in some tissues. I n the work now described, the relationship between the calorie content of the diet and growth and N retention has been studied by ascertaining the effects on carcass, liver and plasma constituents of changes in the calorie : protein ratio in casein diets which either contained equal quantities of protein or were isocaloric, the calorie : protein ratio being modified by the inclusion of cellulose or by increasing the fat or protein content.
E X P E R I M E N T A L
Diets. The composition of the experimental diets is given in Table I . The calorie content of the diets was computed from the Atwater factors (Sherman, 1952) for protein, carbohydrate and fat. Diets I and 2 were equal in protein content but the calorie content of diet I was less owing to the inclusion of 30% cellulose. Diets I and 3 were isocaloric but diet 3 provided more protein. The protein content of diets 3 and 4 was increased to compensate for the increased excretion of metabolic nitrogen Vitamin-free casein" that might result from addition of cellulose (Meyer, 1956) . Diets 3 and 4 were again equal in protein content but the calorie content of diet 4 was slightly greater owing to the higher percentage of fat in it (8 yo against 4%). Diets 5 and 4 were similar respectively to diets I and 3 except that a greater percentage of calories was derived from fat. Again, diets 5 and 6 were similar respectively to diets I and 2, with a greater contribution of calories from fat. These changes in dietary constituents brought about variations in the calorie : protein ratios which were pronounced when cellulose was added to or withdrawn from the diet.
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Animals and management. Male weanling rats of the Wistar strain were used. They were housed individually in raised mesh-bottom cages and had free access to food and water.
Procedure. The rats were given the experimental diets for 4 weeks and weight gain and food consumption were recorded during this period. N retention was measured during a 4-day period in the last week. The animals were placed individually in round metabolism cages for collection of urine and faeces. The N content of the excreta pooled for the 4-day period was determined by the Kjeldahl method.
At the end of the experimental period, the animals were killed under ether anaesthesia and blood and liver samples were collected for analysis. Blood was withdrawn from the portal vein, immediately heparinized and centrifuged in the cold (4') to obtain the plasma. (1958) .
R E S U L T S A N D D I S C U S S I O N
The results for weight gain, food intake, protein efficiency ratio (PER) and N retention are summarized in Table 2 . Inclusion of cellulose in the diets at the expense of starch and fat retarded the rate of weight gain; this effect was offset in part by increasing the content of protein or calories or both. Food intake was also less on the diets with extra cellulose. The inclusion of 30% cellulose in the diet apparently prevented the animals from consuming sufficient food to satisfy their requirements, which limited their weight gain. Other workers (Peterson et al. 1954; Sibbald et al. 1956 ) have noted that the food intake of weanling rats is significantly influenced by the energy content of the diet and that, within physiological limits, the animals eat to satisfy their energy requirement, but a low protein intake limits the need for food energy by limiting growth. The PERS were higher for the groups given the diets without cellulose; however, they were higher for the groups given cellulose with more fat but not with more protein in the diet. It would appear, therefore, that when the calorie content of the diet is reduced by the inclusion of cellulose, the protein component may be used to meet energy needs. Hence improvement in PER may be expected from the ingestion of more calories when fat is added to the diet or cellulose removed from it. * Groups 1-6 were on diets 1-6 respectively (Table I) . t Calculated from values obtained for each animal of the group for a period of 4 days.
f Standard error of the mean (30 df).
The adverse effects of cellulose on N retention were offset in part by increased N intake when the protein level of the diet was raised or when the calorie intake was higher on a high-fat diet. A similar reduction in N retention with addition of fibre to the diet (Meyer, 1956 ; Sibbald, Bowland, Robblee & Berg, 1 9 5 7~) and improvement in N balance with increased calorie intake (Swanson, 1951; Calloway & Spector, 1955; Sibbald et al. 1956 ) or increased protein intake (Munro, 1951) have been reported.
It has also been shown (Allison, Anderson & Seeley, 1946 ) that a reduction of energy intake to 25 yo of the requirement impairs the ability of dogs to respond to an increase in dietary protein. I n other words, energy intake is a factor limiting utilization of protein added to the diet. Under normal nutritional conditions, N balance is improved by an increase in either energy or protein intake.
Values for carcass composition (Table 3) show that the two low-protein diets of higher calorie value (diets 2 and 6) led to substantially higher body N contents than did the other two low-protein diets (diets I and 5). Similar increments in body N content were produced by raising the protein content of the diet (diets 3 and 4 ) , even though the ratio of calorie intake to protein intake was thereby reduced. Addition of cellulose caused a slight increase in the water content of the carcass. It can also be seen that the fat content of the body increased as the calorie intake was raised by removing the cellulose or by increasing the fat content of the diet. However, the fat content was less with the high-protein diets. As the dietary ratio of energy to protein Vol. 16 decreased, the fat content of the body decreased. I n the chick, the fat content of the carcass has been shown to dearease as the level of indigestible material in the diet increases (Hill & Dansky, 1954; Peterson et al. 1954) . A similar tendency for the water content of the carcass to increase and the fat content to decrease with the addition of cellulose to the diet has been noted (Sibbald, Bowland The findings on N distribution in the liver and in muscle are summarized in Table 4 .
Inclusion of cellulose in the diet resulted in a reduction in the N content of liver and muscle. However, the reduction was partly corrected by increasing the dietary protein content or by replacing cellulose with a calorie source. These changes were more pronounced in the soluble proteins than in the other fractions. The variations in the N content of muscle were small, but the non-collagen N, constituting the cytoplasmic proteins and reflecting metabolic processes (Mendes & Waterlow, 1958), showed generally no change except with the lower-protein diet with cellulose. Thus liver N content not only depends on dietary protein content, but is also influenced by calorie intake. Such an influence on liver cytoplasm can be inferred from the studies of Campbell & Kosterlitz (1948) and Munro (1951) who have observed the effects of altering the energy intake from carbohydrate or fat.
Changes in succinoxidase and xanthine oxidase activities were studied as these enzymes are typical respectively of a mitochondria1 protein concerned in oxidative metabolism and a soluble labile protein. Contents of ubiquinone and a-tocopherol were also ascertained as they are essential lipid components. The results are summarized 
0.6
As defined in Table 2 .
"
in Table 5 -The activities of both succinoxidase and xanthine oxidase were reduced in animals given the diets with the lower calorie : protein ratios caused by addition of cellulose. It is well recognized that inadequacy of dietary protein is immediately reflected in the labile protein reserves (Allison, 1955) . Xanthine oxidase, being an extremely labile protein, is known to reflect the protein quality of the diet. The relationship of the succinoxidase content of tissue with the a-tocopherol content (Tappel & Zalkin, 1959; Edwin & Green, 1960) and the dependence of ubiquinone levels on a-tocopherol content (Edwin, Diplock, Bunyan & Green, 1961) would explain the changes observed in the succinoxidase, a-tocopherol and ubiquinone contents of the livers. The parallelism observed between ubiquinone level and succinoxidase activity is in conformity with the reported participation of ubiquinone in electron transport in general and succinoxidase in particular (Aiyar et al. 1959; Aiyar & Sreenivasan, 1961; Green & Lester, 1959; Hatefi, Lester, Crane & Widmer, 1959) . Table 6 gives the lipid composition of both liver and plasma in terms of total lipids, phospholipids and cholesterol. The increased total lipid content of the livers of the rats given the high-fat diet was reduced to some extent by the inclusion of cellulose in the diet, more so with the higher-protein diet. The phospholipids were affected similarly, but there was little change in the cholesterol content. It appears therefore that the extra calories ingested from the diets without cellulose could have been deposited as lipid material. This suggestion is supported by the finding of increased carcass lipid content in the animals given the diet without cellulose. The changes in plasma lipids were similar to those in liver. Their content was highest in the groups not given cellulose and higher with the high-fat and lower-protein diet. Increases in content of total cholesterol and phospholipid were more or less parallel. The content of free cholesterol did not appear to change significantly. It is apparent therefore that, as more lipid material is synthesized in the liver as a result of higher calorie ingestion, the plasma levels of lipids are also increased to transport the extra lipid to be deposited in the fat depots of the body. The electrophoretic pattern of plasma proteins (Table 7) shows that the concentration of total proteins was reduced as cellulose was introduced into the diet; however, raising the dietary protein resulted in increasing their concentration. This reduction in total proteins was reflected more in albumin than in cc,-globulin and a,-globulin. The changes in /3-globulin and y-globulin were not pronounced. The quantities of albumin, cc,-globulin and a,-globulin have been shown to depend on dietary intake of protein (Allison, 1955 ; Mulgaonkar & Sreenivasan, 1959) . Thus, whereas the dietary protein content determines the quantities of the more labile plasma proteins, the calorie content of the diet has a significant part, more so when a diluent like cellulose is present in the diet. The livers were analysed for N content of the cell fractions, activities of succinoxidase and xanthine oxidase and contents of u-tocopherol and ubiquinone. Lipid composition in terms of total lipids, phospholipids and cholesterol was determined in both liver and plasma. The plasma proteins were electrophoretically fractionated and determined quantitatively. 2. Addition of cellulose to the diet retarded rate of weight gain and lowered food intake; however, increase in protein or calorie content had a favourable effect.
3. Increase in the protein or calorie content of the diet increased N retention. 4. Carcass analysis showed that as the ca1orie:protein ratio of the diet was raised, there was increased deposition of lipid in the body.
5. The N content of muscle and liver was also reduced by the addition of cellulose to the diet, the changes being more marked in the soluble proteins. 6. The activities of succinoxidase and xanthine oxidase in liver were reduced as the calorie : protein ratio of the diet was lowered by addition of cellulose.
7 . The changes in u-tocopherol and ubiquinone content of the liver paralleled those in succinoxidase activity.
8. As the ratio of calories to protein in the diet was increased, the content of total lipids as well as phospholipids increased in liver and plasma, but changes in cholesterol content were only slight.
9. The electrophoretic pattern of plasma protein fractions showed that addition of cellulose to the diet caused a reduction in total proteins with concomitant reductions in the concentrations of albumin, a,-globulin and a,-globulin. The levels increased when the protein content of the diet was raised or when cellulose was replaced by a calorie source.
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